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(57) ABSTRACT 

A multiple description coding method is applied to video, 
and optimized to preclude transmission to the decoder of 
mismatch correction information that applies to portions of 
a frame outside a region of interest. Additional bit efficiency 
is realized by selectively updating, based on video content, 
the Weighting of prediction frames motion compensated 
from corresponding frames used in estimating a current 
frame. Frequency of update is adaptively determined based 
on the realiZed increased accuracy of prediction and con 
comitant residual image bit savings as compared, in tradeolf, 
With the need to more frequently transmit the updated 
Weights to the receiver. 
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CONTENT-ADAPTIVE MULTIPLE DESCRIPTION 
MOTION COMPENSATION FOR IMPROVED 
EFFICIENCY AND ERROR RESILIENCE 

[0001] The present invention relates to video encoding and 
particularly to multiple description coding of video. 

[0002] Transmit diversity, transmitting the same or similar 
information over multiple independent channels, attempts to 
overcome the inability to correctly receive a message due to 
problems on one of the channels. Such problems in a 
Wireless transmission context can occur as a result of 

multipath or fading, for example. 

[0003] The added redundancy, hoWever, comes at a cost in 
terms of added strain on the communication system. This is 
particularly true for video, Which tends to involve a lot of 
data for its proper representation. The recipient typically 
Wants to decode e?iciently to avoid interruption of the 
presentation. Moreover, since there are typically more 
recipients than transmitters, cost ef?ciency often alloWs 
more time and resources to be expended in encoding than in 
decoding. 

[0004] Multiple description coding (MDC) sends tWo 
“descriptions” of the information to be conveyed along 
separate channels. If both descriptions are received, the 
decoding Will be of high quality. If only one description is 
received, it can be decoded With less, but acceptable, quality. 
This ability to rely on one description is made possible by 
providing each description With information from the other 
channel. Therefore, error resilience is increased, albeit at the 
cost of redundancy and the concomitant overhead. 

[0005] MDC has been applied to video to achieve multiple 
description motion compensation “Error Resilient Video 
Coding Using Multiple Description Motion Compensation”, 
IEEE Transactions on Circuits and Systems for Video Tech 
nology, April, 2002, by Yao Wang and Shunan Lin, herein 
after “Wang and Lin,” the entire disclosure of Which is 
incorporated herein by reference. Motion compensation is a 
conventional technique used for ef?ciently encoding and 
decoding video by predicting that image motion implied by 
adjacent frames Will continue at the same magnitude and in 
the same direction and accounting for prediction error. 
Multiple description motion compensation (MDMC), as 
proposed by Wang and Lin, splits a video stream into odd 
and even frames for transmission by separate channels. Even 
if only one description arrives at the receiver, that descrip 
tion’s frames have been independently motion compensated 
at the transmitter and can therefore be restored by conven 
tional motion compensation at the receiver, With the inter 
vening frames being interpolated. In tradeolf for the added 
error resilience, interpolation falls short of actually having 
the missing frame information. The error is mitigated by 
including redundant information in each description about 
the other description. To gather and assemble this redundant 
information, Wang and Lin MDMC employs a second-order 
predictor, i.e. predicts a frame based on the previous tWo 
frames, to suppress transmission error propagation. This 
robust, second-order predictor is utiliZed in a separate, third 
motion compensation knoW as a “central motion compen 
sation.” The central motion compensation operates on all of 
the frames, both odd and even. As occurs in conventional 
motion compensation, a difference betWeen a predicted 
frame and the actual frame is sent as an error or residual, in 
this case a “central error,” to the receiver, Which ordinarily 

Nov. 16, 2006 

Would make an identical prediction and add the error to 
restore the original frame. If, hoWever, if one description is 
missing, central motion compensation at the receiver is 
disabled since it requires both the odd and even frames. On 
the other hand, both the odd and even motion compensations 
at the receiver are con?gured for using the respective odd or 
even error, knoWn as the “side error,” generated at the 
transmitter and cannot instead substitute the central error 
Without incurring a mismatch. 

[0006] To reduce this mismatch, Wang and Lin invariably 
transmit as redundant information both the central error and 
the difference betWeen the side error and central error, this 
difference being knoWn as the “mismatch error.” Yet, the 
mismatch error represents overhead that is not alWays 
needed for effective video presentation at the receiver. 

[0007] Moreover, the Wang and Lin central prediction 
employs a Weighted average that is insensitive to ongoing 
changes in the content of the video being encoded, even 
When those changes call for updating of the Weights to 
achieve more ef?ciency. 

[0008] The present invention is directed to overcoming the 
above-mentioned shortcomings of the prior art. 

[0009] In one aspect according to the present invention, 
there is provided a method and apparatus for encoding in 
parallel by tWo motion compensation processes to produce 
tWo respective streams to be transmitted to a decoder. Each 
stream includes a mismatch signal usable by the decoder to 
reconstruct a part of the video sequence motion compen 
sated to produce the other stream. 

[0010] In another aspect of the invention, a central pre 
diction image is formed to represent a Weighted average of 
frames motion compensated in the central motion compen 
sation, Where the average is Weighted by respective adaptive 
temporal ?lter tap Weights that are updated based on content 
of at least one frame of the sequence. 

[0011] In a further aspect of the invention, a frequency at 
Which the taps are to be updated is determined based on a 
decrease in the residual image due to the updating and 
consequent decrease in bits to be transmitted in the trans 
mission. The determination is further based on an increase in 
bit rate in transmitting neW adaptive temporal ?lter tap 
Weights in response to the updating. 

[0012] In yet another aspect of the invention, identi?cation 
of a ROI is performed by detecting at least one of a face of 
a person, uncorrelated motion, a predetermined level of 
texture, an edge, and object motion of a magnitude greater 
than a prede?ned threshold. 

[0013] In a yet further aspect of the present invention, 
there is provided a multiple description video decoder for 
motion compensation decoding tWo video streams in paral 
lel. The decoder uses a mismatch signal, received from a 
motion compensation encoder that produced the streams, to 
reconstruct a part of the video sequence motion compen 
sated to produce the other stream. The decoder includes 
means for receiving tap Weights updated by the encoder 
based on content of the video streams and used by the 
decoder to make an image prediction based on both of the 
streams. 

[0014] Details of the invention disclosed herein shall be 
described With the aid of the ?gures listed beloW, Wherein 
like features are numbered identically throughout the several 
v1eWs: 
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[0015] FIG. 1 is a block diagram of a multiple-antenna 
transmitter using an exemplary video encoder in accordance 
With the present invention; 

[0016] FIG. 2 is a block diagram showing an example of 
one con?guration of the video encoder of FIG. 1, and of a 
corresponding decoder, in accordance With the present 
invention; 
[0017] FIG. 3 is a How diagram depicting, as an example, 
events that can trigger an update of tap Weights for the 
central predictor in accordance With the present invention; 

[0018] FIG. 4 is a How chart illustrating one type of 
algorithm for determining hoW frequently tap Weights for 
the central predictor are to be updated in accordance With the 
present invention; and 

[0019] FIG. 5 is a How chart shoWing, as an example, 
content-based factors that can be used in identifying a region 
of interest in accordance With the present invention. 

[0020] FIG. 1 depicts, by Way of example and in accor 
dance With the present invention, a Wireless transmitter 100 
such as a television broadcast transmitter having multiple 
antennas 102, 104 connected to a video encoder 106 and an 
audio encoder (not shoWn). The latter tWo are incorporated 
along With a program memory 108 Within a microprocessor 
110. Alternatively, the video encoder 106 can be hard-coded 
in hardWare for greater execution speed as a trade-off against 
upgradeability, etc. 

[0021] FIG. 2 illustrates in detail the components and the 
functioning of the video encoder 106 and of a video decoder 
206 at a receiver in accordance With the present invention. 
The video encoder 106 is comprised of a central encoder 
110, an even side encoder 120 and an odd side encoder (not 
shoWn). The central encoder 110 operates in conjunction 
With the even side encoder 120 and analogously in conjunc 
tion With the odd side encoder. Correspondingly, in the video 
decoder 206, a central decoder 210 operates in conjunction 
With an even side decoder 220 and analogously in conjunc 
tion With an odd side decoder (not shoWn). 

[0022] The central encoder 110 includes an input 1:2 
demultiplexer 204, an encoder input 2:1 multiplexer 205, a 
bit rate regulation unit 208, an encoding central input image 
combiner 211, a central coder 212, an output 1:2 demulti 
plexer 214, a encoding central predictor 216, an encoding 
central motion compensation unit 218, an encoding central 
frame buffer 221, a central reconstruction image combiner 
222, a reconstruction 2:1 multiplexer 224 and a motion 
estimation unit 226. 

[0023] The even side encoder 120 includes an encoding 
even side predictor 228, an encoding even side motion 
compensation unit 230, an encoding even side frame buffer 
232, an encoding even input image combiner 234, a region 
of interest (ROI) selection unit 236, a mismatch error 
suppression unit 238 and an even side coder 240. The 
mismatch error suppression unit 238 is composed of a 
side-to-central image combiner 242, and ROI comparator 
244, and an image precluder 246. 

[0024] A video frame 1p(n) of a video sequence 1 . . . 

1])(11-1), 1p(n) . . . is received by the input 1:2 demultiplexer. 
If the frame is even, the frame 1])(2k) is demultiplexed to the 
encoding even input image combiner 234. Otherwise, if the 
frame is odd, the frame 1p(2k+1) is demultiplexed to the 
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analogous structure in the odd side encoder. Division into 
even and odd frames preferably separates out every other 
frame, i.e. alternates frames, to create odd frames and even 
frames, but can be done arbitrarily in accordance of any 
doWnsampling to produce one subset, the remainder of the 
frames comprising the other subset. 

[0025] The output frame 1p(n) from the encoder input 2:1 
multiplexer 205 is then subject to both motion compensation 
and ROI analysis, both processes preferably being executed 
in parallel. Motion compensation in accordance With the 
present invention largely folloWs conventional motion com 
pensation as performed in accordance With any of the 
standards H.263, H.261, MPEG-2, MPEG-4, etc. 

[0026] At the start of motion compensation, the encoding 
central input image combiner 211 subtracts a central pre 
diction image WO(n) from 1p(n) to produce an uncoded 
central prediction error or residual eO(n). The uncoded 
central prediction error eo(n) is inputted to the central coder 
212 Which includes both a quantiZer and an entropy encoder. 
The output is central prediction error eo(n), Which the output 
1:2 demultiplexer 214 transmits to the decoder 206 as eo(2k) 
or éO(21<+1) as appropriate. 

[0027] In addition, either eo(2k) or éO(21<+1) as appropri 
ate is fed back in the central motion compensation by the 
reconstruction 2:1 multiplexer 224. The central reconstruc 
tion image combiner 222 adds this feedback error to the 
central prediction image WO(n) to reconstruct the input 
frame 1p(n) (With quantization error). The reconstructed 
frame 1pO(n) is then stored in the encoding central frame 
buffer 221. 

[0028] In deriving the central prediction image WO(n) to 
be applied as described above, the previous tWo recon 
structed frames 1pO(n-1), 1%(11-2) and the input frame 1p(n) 
Were compared by motion estimation unit 226 to derive 
respective motion vectors MV1s and MV2s. That is, the 
motion vectors MV1s, for example, each pertain to a lumi 
nance macroblock, i.e. a 16x16 array of pixels, of the current 
frame 1p(n). An exhaustive, or merely predictive, search is 
made of all 16x16 macroblocks in 1pO(n-1) that are in a 
predetermined neighborhood or range of the macroblock 
being searched. The closest matching macroblock is 
selected, and a motion vector MV1 from the macroblock in 
1p(n) to the selected macroblock in 1pO(n-1) is thus derived. 
This process is carried out for each luminance macroblock 
of 1p(n). To derive MV2 the process is carried out once 
again, but this time from 1pO(n-1) to 1pO(n-2), and the delta is 
added to MV1 to produce MV2, i.e., MV2 has tWice the 
dynamic range and MV1. The MV1s and MV2s are both 
output to the decoder 206. 

[0029] The encoding central motion compensation unit 
218 also receives the MV1s and MV2s, as Well as the 
reconstructed frame pair 1pO(n-1), 1pO(n-2) and updates, i.e. 
motion compensates, the reconstructed frames based on the 
MV1s and MV2s to resemble the incoming 1p(n). The 
updating assumes that motion in the recent frame sequence 
of the video Will continue to move in the same direction and 
With the same velocity. The encoding central predictor 216 
forms a Weighted average of the respective motion compen 
sated frames AW(n-1), W(n-2) to produce the central predic 
tion image WO(n). In particular WO(n) is set equal to a, 
W(n-1)+a2 W(n-2), With al+a2=1. The coef?cients a1, a2 are 
referred to hereinafter as temporal ?lter tap Weights. 
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[0030] As mentioned above, the use of tWo previous 
frames rather than the conventional use of merely the 
previous frame provides error resilience at the receiver. 
Moreover, if both the even and odd video channels arrive at 
the receiver intact, a corresponding central decoding at the 
receiver Will decode successfully. HoWever, if either the 
even or the odd video channel does not arrive successfully 
due to environment or other factors, a frame buffer at the 
receiver Which tracks the encoding central decoder’s frame 
buffer 221 Will not receive a reconstructed or “reference” 
frame, and this de?ciency Will prevent the decoder 206 from 
using a corresponding central decoding to correctly decode 
the received signal. Accordingly, the encoder 106 includes 
tWo additional independent motion compensations, one that 
operates only on the odd frames and another that operates 
only on the even frames, all three compensations running in 
parallel. Thus, if the odd description is corrupt or missing, 
the receiver can decode the even description, and vice versa. 

[0031] Discussion of the role of the bit rate regulation unit 
208 in central motion compensation and of ROI processing 
Will be deferred to ?rst describe in greater detail the Work 
ings of the even side encoder 120 and the decoder 206. 

[0032] In the even side encoder 120, the encoding even 
image input combiner 234 subtracts from the input signal 
1])(2k) a side prediction image Wl(n). The subscript 1 
indicates even side processing and the subscript 2 indicates 
odd side processing, just as the subscript 0 has been used 
above to denote central processing. The side-to-central 
image combiner 242 subtracts the central prediction error 
eo(2k) from the side prediction error outputted by the even 
image input combiner 234. The side-to-central difference 
image, or “mismatch error” or “mismatch signal” el(2k) 
represents the difference betWeen the side prediction image 
Wl(2k) and the central prediction image WO(2k) and is, after 
ROI processing, then subject to quantization and entropy 
coding by the even side coder 240 to produce el(2k). The 
mismatch error signal é1(21<) is transmitted to the decoder 
206, and is indicative of mismatch betWeen reference frames 
in the encoder 106 and decoder 206, much of Which the 
decoder offsets based on this signal. 

[0033] The encoding even input image combiner 234 adds 
the side prediction image Wl(n) to the central and mismatch 
errors eo(2k), el(2k) to reconstruct the input frame 1])(2k) 
Which is then stored in the encoding even side frame buffer 
232. The side prediction image Wl(n) used to generate the 
mismatch error eo(2k) Was derived by motion compensating 
the previously reconstructed frame 1p1(2k—2) in the encod 
ing even side motion compensation unit 230 and, based on 
the resulting motion compensated frame W(2k—2), making a 
side prediction in the encoding even side predictor 228. The 
side prediction preferably consists of multiplying W(2k—2) 
by a coef?cient a3 betWeen 0 and l and preferably equal to 
l. 

[0034] The even description is formed from the central 
prediction error eo(2k) and the mismatch error el(2k), 
Whereas the odd description is formed from the central 
prediction error eo(2k+l) and the mismatch error e2(2k+l). 
Included in both descriptions are the motion vectors MVls 
and MV2s, as Well as the temporal ?lter tap Weights Which 
as Will be explained in more detail beloW are adjustable 
according to image content. 

[0035] The central decoder 206 has an entropy decoding 
and inverse quantiZing unit (not shoWn), a decoder input 2:1 
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multiplexer 250, a decoding central image combiner 252, a 
decoding central predictor 254, a decoding central motion 
compensation unit 256 and a decoding central frame buffer 
258. The received central prediction error and mismatch 
error, after entropy decoding and inverse quantization, are 
multiplexed by the decoder input 2:1 multiplexer 250 to 
produce, as appropriate, either eo(2k) or eo(2k+l). From 
these error signals, and a central prediction, each frame is 
reconstructed, outputted to the user, and stored for subse 
quent motion compensation to reconstruct the next frame, all 
performed in a manner analogous to the motion compensa 
tion at the encoder 120. The entropy decoding and inverse 
quantiZing, Which initially receives each description upon its 
arrival at the decoder 206, preferably incorporates a front 
end that has error checking capabilities and signaling to the 
user regarding the detection of any error. Accordingly, the 
user Will ignore the ?agged description as improperly 
decoded, and utiliZe the other description. Of course, if both 
descriptions are received successfully, the output of the 
central decoder 210 Will be better than that of either decoded 
description and Will be utiliZed instead. 

[0036] The even side decoder 220 includes an intervening 
frame estimator 260, a decoding even side predictor 262, a 
decoding even side motion compensation unit 264, a decod 
ing even side frame buffer 266 and a decoding input even 
side image combiner 268. The functioning of the even side 
decoder 220 is analogous to that of the even side encoder 
120, although the even side decoder has the further task of 
reconstructing the odd frames, i.e. the frames of the odd 
description. A motion compensated intervening frame 
W(2k—l) is reconstructed according to the formula W(2k 
l)=(l/al)(1p1(2k)—a2W(2k—2)—eO(2k)). Further re?nement 
steps in the reconstructing the missing frame based on the 
MVls and MV2s are discussed in the Wang and Lin 
reference. 

[0037] Some of the frames to be encoded, intra-coded 
frames, are encoded in their entirety, and are therefore not 
subject to motion compensation Which involves ?nding a 
difference from a predicted frame and encoding the differ 
ence. The intra-coded frames appear periodically in the 
video sequence and serve to refresh the encoding/decoding. 
Accordingly, although not shoWn in FIG. 2, both the 
encoder 120 and the decoder 220 are con?gured to detect 
intra-coded frames and to set the output of the predictors 
216, 228, 254, 262 to Zero for intra-coded frames. 

[0038] FIG. 3 is a How diagram depicting, by Way of 
example, events that can trigger an update of the temporal 
tap Weights for the central predictor in accordance With the 
present invention. At one extreme, setting al to l is tanta 
mount to mailing a central prediction based merely on the 
preceding frame, and therefore foregoes the robustness of 
second-order prediction. As a result, larger residual images 
are transmitted at the expense of ef?ciency. At the other 
extreme, setting a2 to l eliminates the information that the 
mismatch signal Would otherWise afford in accurately recon 
structing intervening frames. Error resilience is therefore 
compromised. Wang and Lin determines values for a l and a2 
based on a rate distortion criterion, and retains these Weights 
for the entire video sequence. HoWever, such a ?xed Weight 
ing scheme can lead to large amounts of inef?ciency. For 
instance, in frames With moving objects occlusions occur 
often. In such cases it is likely that a better match for the 
block in frame n may be obtained from frame n-2 instead of 
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frame n-1. Accordingly, a higher a2 emphasizes frame n-2 
and therefore leads to transmission of less of a residual 
image to the decoder 206. Conversely, if a scene change is 
occurring in the video, frame n-1 may provide a much closer 
prediction than does frame n-2, in Which case a high al and 
a loW a2 are desirable. Advantageously, the present invention 
monitors the content of the video and adaptively adjusts the 
temporal ?lter tap Weights in accordance. 

[0039] Step 310 detects the existence in a frame of a 
moving object by, for example, examining motion vectors of 
a current frame and all previous frames extending back to 
the previous reference frame using techniques discussed in 
US. Pat. No. 6,487,313 to De Haan et al. and US. Pat. No. 
6,025,879 to Yoneyama et al., hereinafter “Yoneyama,” the 
entire disclosure of both being incorporated herein by ref 
erence. The foregoing moving object detection algorithms 
are merely exemplary and any other conventional methods 
may be employed. If a moving object is detected, a deter 
mination is made in step 320 as to Whether tap Weights 
should be updated, e.g., if suf?cient e?iciency Would be 
gained from an update. The detection and determination are 
both made by the bit rate regulation (BRR) unit 208, Which 
receives, stores and analyZes original frames 1p(n). If tap 
Weights are to be updated, step 330 makes the updates. If 
not, the next region, preferably a frame, is examined. If, on 
the other hand, the BRR unit 208 does not detect a moving 
object, step 350 determines Whether a scene change is 
occurring. Scene change detection can be performed by 
motion compensating a frame to compare it to a reference 
frame and determining that motion compensation has 
occurred if the sum of non-Zero pixels differences exceeds a 
threshold, as disclosed in US. Pat. No. 6,101,222 to Dor 
ricott, the entire disclosure of Which is incorporated herein 
by reference, or by other suitable knoWn means. If, in step 
350, the BRR unit 208 determines that a scene change has 
occurred, processing proceeds to step 320 to determine 
Whether taps are to be updated. 

[0040] The update frequency for the tap Weights need not 
be limited each frame; instead, taps may adaptively be 
updated for each macroblock or for any arbitrarily chosen 
region. Adaptive choice of Weights can improve coding 
ef?ciency, hoWever there is some overhead involved in the 
transmission of the selected Weights that may become sig 
ni?cant at extremely loW bit rates. The selection of the 
region siZe over Which to use the same temporal Weights is 
dependent on this tradeolf betWeen overhead and coding 
ef?ciency. 

[0041] FIG. 4 illustrates one type of algorithm by Which 
the BRR unit 208 can determine hoW frequently tap Weights 
for the central predictor are to be updated in accordance With 
the present invention. In step 410, the update frequency is 
initially set to every macroblock, and step 420 estimates the 
bit savings over a period of time or over a predetermined 
number of frames. The estimate can be made empirically, for 
example, based on recent experience and updated on a 
continuing basis. The next tWo steps 430, 440 make the same 
determination With the update frequency being set to each 
frame. In step 450, a determination, for each of the tWo 
frequencies, of the bit overhead in updating the decoder 206 
With the neW tap Weights is compared to the respective bit 
savings estimates to decide Which update frequency is more 
ef?cient. The frequency determined to be more ef?cient is 
set in step 460. 
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[0042] In accordance With the present invention, addi 
tional or alternative bit ef?ciency in the transmission from 
the encoder 106 to the decoder 206 can be realiZed, since it 
is not necessary to transmit the mismatch error for every 
block in the frame. Many times, especially under error prone 
conditions, it is acceptable to have better quality for some 
regions (eg foreground) as compared to others (eg back 
ground). In elfect, the mismatch error need be retained only 
for regions of interest (ROIs) in the scene, the ROIs being 
identi?ed based on the content of the video. In conformity 
With block-based coding schemes, the ROIs can be delim 
ited Within a frame by bounding boxes, but the intended 
scope of the invention is not limited to the rectangular 
con?guration. 
[0043] FIG. 5 shoWs, by Way of example, content-based 
factors that can be used by the ROI selection unit 236 in 
identifying ROIs in accordance With the present invention. 
The ROI selection unit 236, like the BR unit 208, is 
con?gured to receive, store and analyZe original frames 
1p(n). The ROI comparator compares the identi?ed ROIs to 
the side-to-central difference image outputted by the side 
to-central image combiner 242 to determine Which part of 
the image lies outside the ROIs. That part is set to Zero by 
the image precluder 246, thereby limiting the mismatch 
error to be transmitted to that part of the mismatch error 
Within the ROIs. 

[0044] In step 510, the face of a person, Which need not be 
any speci?c individual, is identi?ed. On method provided in 
US. Pat. No. 6,463,163 to Kresch, the entire disclosure of 
Which is incorporated herein by reference, uses correlation 
in the DCT domain. In step 520, uncorrelated motion is 
detected. This can be performed by splitting a frame into 
regions Whose siZe varies With each iteration, and, in each 
iteration, searching for regions Whose motions vectors have 
a variance that exceeds a predetermined threshold. Step 530 
detects regions With texture, since lack of one description at 
the receiver Would require interpolation the missing frames 
that Would bene?t signi?cantly from the mismatch error. 
Yoneyama discloses a texture information detector based on 
previous frames extending to the previous reference frame 
and operating in the DCT domain. Edges often are indicative 
of high spatial activity and therefore of ROIs. Step 540 
detects edges, and can be implemented With the edge detec 
tion circuit of Komatsu in US. Pat. No. 6,008,866, the entire 
disclosure of Which is incorporated herein by reference. The 
Komatsu circuit detects edges by subjecting a color-decom 
posed signal to band-pass ?ltering, magnitude normalizing 
the result and then comparing to a threshold. This technique 
or any knoWn and suitable method may be employed. 
Finally, fast object motion, Which is indicative of high 
temporal activity and therefore of ROIs, can be detected by 
detecting a moving object as described above and comparing 
motion vectors to a predetermined threshold. If any of the 
above indicators of an ROI are determined to exist, in step 
560 an ROI ?ag is set for the particular macroblock ROIs 
Within a bounding box may be formed based on the mac 
roblocks ?agged Within the frame. 

[0045] As has been demonstrated above, a multiple 
description motion compensation scheme in an encoder is 
optimiZed to save bits in communicating With the decoder by 
updating, based on video content, the Weighting of predic 
tion frames by Which the central prediction is derived, and 
by precluding, based on video content and for those areas of 
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the frame not falling With a region of interest, transmission 
of a mismatch signal for enhancing decoder side prediction. 

[0046] While there have been shoWn and described What 
are considered to be preferred embodiments of the invention, 
it Will, of course, be understood that various modi?cations 
and changes in form or detail could readily be made Without 
departing from the spirit of the invention. For example, the 
selectively precluded mismatch signal may be con?gured to 
serve a decoder arranged to receive more than tWo descrip 
tions of the video sequence. It is therefore intended that the 
invention be not limited to the exact forms described and 
illustrated, but should be constructed to cover all modi?ca 
tions that may fall Within the scope of the appended claims. 

1. A multiple description video encoding method com 
prising the steps of: 

identifying based on content of a frame at least one region 
of interest (ROI) in said frame, said frame being one of 
a plurality of frames comprising a video sequence 
being encoded in parallel by tWo motion compensation 
processes to produce tWo respective streams to be 
transmitted to a decoder, each stream including a 
mismatch signal usable by the decoder to reconstruct a 
part of the video sequence motion compensated to 
produce the other stream; 

determining, for said frame, a portion of said mismatch 
signal that resides outside said at least one ROI; and 

precluding from the transmission said portion. 
2. The method of claim 1, Wherein the video sequence 

includes an odd stream and an even stream that are motion 

compensated in parallel for subsequent transmission on 
separate channels, the odd stream comprising a doWn 
sampled subset of the plural frames, the even stream com 
prising those of the plural frames that are not in the subset, 
each stream further comprising upon said transmission a 
residual image from a central motion compensation execut 
ing in parallel With the odd and even stream compensations 
and upon each stream, motion vectors and, except Where 
precluded, said mismatch signal, said mismatch signal being 
representative of a difference betWeen a side prediction 
image and a central prediction image, said side prediction 
image being derived based on the motion compensation of 
the respective one of the odd and even streams, said central 
prediction image being derived based on said central motion 
compensation. 

3. The method of claim 2, Wherein said central prediction 
image is subtracted from an original image to produce said 
residual image. 

4. The method of claim 2, Wherein said motion vectors 
comprise a motion vector betWeen temporally consecutive 
frames of said video stream and Wherein said motion vectors 
comprise a motion vector betWeen frames temporally sepa 
rated by one intervening frame in said video stream. 

5. The method of claim 1, Wherein said identifying step 
further comprises a step selected from the group consisting 
of detecting a face of a person, detecting uncorrelated 
motion, detecting a predetermined level of texture, detecting 
an edge and detecting object motion of a magnitude greater 
than a prede?ned threshold. 

6. A multiple description video encoding method com 
prising the steps of: 
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forming a side prediction image by motion compensating 
a single frame of a video sequence; and 

forming a central prediction image from a Weighted 
average of frames motion compensated in a central 
motion compensation in parallel With the motion com 
pensation that forms the side prediction image, the 
average being Weighted by respective adaptive tempo 
ral ?lter tap Weights that are updated based on content 
of at least one frame of said sequence. 

7. The method of claim 6, Wherein said content of at least 
one frame includes the presence of a moving object, or the 
occurrence of scene change, in an image derived from said 
at least one frame. 

8. The method of claim 6, Wherein the video sequence 
includes an odd stream and an even stream that are motion 

compensated in parallel for subsequent transmission on 
separate channels, the odd stream comprising a doWn 
sampled subset of the plural frames, the even stream com 
prising those of the plural frames that are not in the subset, 
each stream further comprising upon said transmission 
motion vectors, a residual image from a central motion 
compensation executing in parallel With the odd and even 
stream compensations and upon each stream, and a mis 
match signal that is representative of a difference betWeen 
the side prediction image and the central prediction image, 
said side prediction image being derived based on the 
motion compensation of the respective one of the odd and 
even streams, said central prediction image being derived 
based on said central motion compensation. 

9. The method of claim 8, further including the step of 
determining a frequency at Which the taps Weights are to be 
updated based on a decrease in the residual image due to the 
updating and consequent decrease in bits to be transmitted in 
said transmission and based on an increase in bit rate in 
transmitting neW adaptive temporal ?lter tap Weights in 
response to the updating. 

10. A multiple description video encoder comprising: 

an odd side encoder and an even side encoder for per 
forming on frames of a video sequence motion com 
pensation in parallel to produce tWo respective streams 
to be transmitted to a decoder, each stream including a 
mismatch signal usable by the decoder to reconstruct a 
part of said video sequence motion compensated to 
produce the other stream; 

a region of interest (ROI) selection unit for identifying 
based on content of a frame at least one ROI in said 

frame; and 

a mismatch error suppression unit for determining, for 
said frame, a portion of said mismatch signal that 
resides outside said at least one ROI and precluding 
from the transmission said portion. 

11. The video encoder of claim 10, Wherein said motion 
compensation in parallel operates on an odd video stream 
and an even video stream for subsequent transmission on 
separate channels, the odd stream comprising a doWn 
sampled subset of frames of said video sequence, the even 
stream comprising those frames of the sequence that are not 
in the subset, each stream further comprising upon said 
transmission a residual image from a central motion com 
pensation executing in parallel With the odd and even stream 
compensations and upon each stream, motion vectors and, 
except Where precluded, said mismatch signal, said mis 
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match signal being representative of a difference betWeen a 
side prediction image and a central prediction image, said 
side prediction image being derived based on the motion 
compensation of the respective one of the odd and even 
streams, said central prediction image being derived based 
on said central motion compensation. 

12. The video encoder of claim 11, Wherein said subset is 
comprised of alternate frames of said sequence so that each 
of the odd and even video streams includes every other 
frame of said sequence. 

13. The video encoder of claim 11, Wherein said central 
encoder is con?gured for subtracting said central prediction 
image from an original image to produce said residual 
image. 

14. The video encoder of claim 11, Wherein said motion 
vectors comprise a motion vector betWeen temporally con 
secutive frames of said video stream and Wherein said 
motion vectors comprise a motion vector betWeen frames 
temporally separated by one intervening frame in said video 
stream. 

15. The video encoder of claim 10, Wherein said ROI 
selection unit is con?gured for detecting at least one of a 
face of a person, uncorrelated motion, a predetermined level 
of texture, an edge, and object motion of a magnitude greater 
than a prede?ned threshold. 

16. A multiple description video encoder comprising: 

an odd side encoder and an even side encoder for per 
forming on frames of a video sequence motion com 
pensation in parallel to produce tWo respective streams 
to be transmitted to a decoder, each stream including a 
mismatch signal usable by the decoder to reconstruct a 
part of said video sequence motion compensated to 
produce the other stream; 

means for forming a side prediction image by motion 
compensating a single frame of said sequence; and 

means for forming a central prediction image from a 
Weighted average of frames motion compensated in a 
central motion compensation, the average being 
Weighted by respective adaptive temporal ?lter tap 
Weights that are updated based on content of at least 
one frame of said sequence. 

17. The video encoder of claim 16, Wherein said content 
of at least one frame includes the presence of a moving 
object, or the occurrence of scene change, in an image 
derived from said at least one frame. 

18. The video encoder of claim 16, Wherein said motion 
compensation in parallel operates on an odd video stream 
and an even video stream for subsequent transmission on 
separate channels, the odd stream comprising a doWn 
sampled subset of frames of said video sequence, the even 
stream comprising those frames of the sequence that are not 
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in the subset, each stream further comprising upon said 
transmission a residual image from a central motion com 
pensation executing in parallel With the odd and even stream 
compensations and upon each stream, motion vectors and, 
except Where precluded, a mismatch signal that is represen 
tative of a difference betWeen a side prediction image and a 
central prediction image, said side prediction image being 
derived based on the motion compensation of the respective 
one of the odd and even streams, said central prediction 
image being derived based on said central motion compen 
sation, said video encoder further including a bit rate regu 
lation unit con?gured for determining a frequency at Which 
the taps Weights are to be updated based on a decrease in the 
residual image due to the updating and consequent decrease 
in bits to be transmitted in said transmission and based on an 
increase in bit rate in transmitting neW adaptive temporal 
?lter tap Weights in response to the updating. 

19. A computer softWare product that includes a medium 
readable by a processor and having stored thereon: 

a ?rst sequence of instructions Which, When executed by 
said processor, causes said processor to identify based 
on content of a frame at least one region of interest 
(ROI) in said frame, said frame being one of a plurality 
of frames comprising a video sequence being encoded 
in parallel by tWo motion compensation processes to 
produce tWo respective streams to be transmitted to a 
decoder, each stream including a mismatch signal 
usable by the decoder to reconstruct a part of the video 
sequence motion compensated to produce the other 
stream; and 

a second sequence of instructions Which, When executed 
by said processor, causes said processor to determine, 
for said frame, a portion of said mismatch signal that 
resides outside said at least one ROI and to preclude 
from the transmission said portion. 

20. The product of claim 19, Wherein said ?rst sequence 
of instructions comprises instructions, Which When executed 
by the processor, cause the processor to detect at least one 
of a face of a person, uncorrelated motion, a predetermined 
level of texture, an edge, and object motion of a magnitude 
greater than a prede?ned threshold. 

21. A multiple description video decoder for motion 
compensation decoding tWo video streams in parallel, the 
decoder using a mismatch signal, received from a motion 
compensation encoder that produced one of the streams, to 
reconstruct a sequence of video frames motion compensated 
to produce the other stream, said decoder comprising means 
for receiving tap Weights updated by the encoder based on 
content of the video streams and used by the decoder to 
make an image prediction based on both of said streams. 

* * * * * 


